The effects of thickness, background color, specular reflection, and surface roughness on the color of five commercial restorative resins were studied by reflection spectrophotometry.
restoration include the thickness, specular reflection, and roughness of the restoration and the color of the background whether it be tooth structure or the oral cavity. The purpose of this research was to evaluate the effect of the aforementioned variables on the color and opacity of certain composite and unfilled resins.
Materials and Methods
Four commercial composite resins and an unfilled restorative resin were studied. Codes, shades, batch numbers, and manufacturers of the materials are listed in Table 1 .
Three sample disks (36 mm in diameter and 1.3 mm in thickness) were made for each product by polymerizing the resin in a metal die. The samples were placed in an oven at 37 C within 90 seconds after initiating the mix and were stored for 24 hours before testing. -Excitation purity versus thickness for black and white backgrounds. Note that the data points at 3.9 mm also serve as the key.
THICKNESS,mm
The spectrophotometric parameters, luminous reflectance, dominant wavelength, and excitation purity, were studied by a three-way analysis of variance5 to determine the effects of products, thickness and background conditions [(i) and (ii)] for the resins. Data for the contrast ratio were studied by a two-way analysis of variance.5 Tukey's intervals at the 95% level of confidence were calculated6 for comparisons among means.
Results
The effects of thickness and background on the luminous reflectance and excitation purity of the direct restorative resins are shown in Figures 1 and 2 , respectively. Differences among products, among thicknesses, and between backgrounds were statistically significant at the 95% level for both luminous reflectance and excitation purity. Tukey's intervals for comparisons among means are listed in Table  2 . Significant differences in these variables also were observed for dominant wavelength, but the changes were too minor to justify presentation.
The effect of thickness on the contrast ratio of the direct restorative resins is shown in Figure 3 . There were significant differences among the products and among the thicknesses at the 95% level. Tukey's intervals for comparisons among means are listed in Table 2 .
Spectrophotometric data for material V are listed in Table 3 to compare rough and smooth surfaces under conditions of combined specular and diffuse reflectance and diffuse reflectance only. The data were obtained for 1.3-mm specimens with a white background. Significant differences were observed in the data for luminous reflectance and excitation purity, but not for dominant wavelength or contrast ratio at the 95% level. Tukey's intervals for comparisons among means were 0.6 for luminous reflectance and 0.004 for excitation purity as calculated by a two-way analysis of variance.
Discussion The clinical effect of increasing the thickness of the direct restorative resins studied from 1.3 to 3.9 mm is to increase dramatically the opacity of the resin as measured by the contrast ratio. The effect of increasing thickness on color depends on the color of the background. For a white background as might be represented by human enamel, an increase in thickness of resin resulted in decreasing values of luminous reflectance and excitation purity. Clinically, the resin might appear darker and less chromatic as thickness increases. For a black background as might be represented by the oral cavity, an increasing thickness of resin resulted in increasing values of luminous reflectance and excitation purity. Clinically, the resin might appear lighter and more chromatic as thickness increases. As the thickness of each resin increased, the contrast ratio approached one. Further, the color of each resin appeared to approach limiting values of luminous reflectance, dominant wavelength, and excitation purity independent of the black or white background as shown in Figures 1 and 2 . Mean values of the spectrophotometric parameters of the resins studied for the 3.9-mm thickness are listed in Table 4 for black and white backgrounds.
The specular component of reflected light had no effect on the spectrophotometric parameters when measured on a rough surface of material V, but did result in an increased value of luminous reflectance and decreased value of excitation purity for a smooth surface compared to diffuse reflectance only. Clinically, a smooth surface will appear lighter and less chromatic under conditions of specular and Note that the data points at 3.9 mm also serve as the key. diffuse reflectance compared to diffuse reflectance only. Under conditions of diffuse reflectance, a rough surface would appear lighter and less chromatic than a smooth surface.
Conclusions
The effects of thickness, background color, specular reflection, and surface roughness on the color of five commercial composite and unfilled direct restorative resins were studied by reflection spectrophotometry. As thickness increased from 1.3 to 3.9 mm, values of luminous reflectance and excitation purity increased for a black background but decreased for a white background. Opacity increased dramatically as thickness increased. The specular component of reflected light resulted in increased luminous reflectance and decreased excitation purity compared to diffuse reflectance for a smooth surface. Under conditions of diffuse reflectance, a rough surface had increased luminous reflectance but decreased excitation purity compared to a smooth surface.
